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We report, for the ﬁrst time, a series of baseline techniques comprising isolation and
transplantation of female and male early-stage germ cells in sturgeon to generate a
germline chimera as a potential tool for surrogate reproduction and gene banking. Cells
were dissociated from testis, characterized by mostly spermatogonia, and from ovary,
exclusively comprising oogonia and previtellogenic oocytes, of Acipenser baerii, using 0.3%
trypsin (2 hours, 23 C) dissolved in PBS, isotonic with blood plasma. The dissociated germ
cells were sorted by Percoll gradient centrifugation followed by immunolabeling with
germ cell–speciﬁc vasa antibody DDX4, while 10% to 30% Percoll solution contained 79.4%
and 70.8% labeled testicular and ovarian cells. Sorted germ cells were transplanted into a
cavity close to a presumptive genital ridge of newly hatched heterospeciﬁc Acipenser
ruthenus larvae with ﬂuorescein isothiocyanate–labeled endogenous primordial germ cells.
The transplanted germ cells were randomly distributed in the body cavity through 30-day
posttransplantation (dpt). Subsequently, the cells were organized into genital ridges 50 dpt
and proliferated 90 dpt. The number of both transplanted and endogenous germ cells
signiﬁcantly increased from 18.1, 22.2, and 29.1 (30 dpt) to 108.5, 90.8, and 118.5 (90 dpt) in
ovarian, testicular, and endogenous germ cells, respectively (P < 0.05). The efﬁciency of
transplantation was 60% (counted 90 dpt).
 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction Primordial germ cells (PGCs) and early stages of oogoniaSturgeons are called living fossils and are believed to
have evolved about 200 million years ago [1]. Twenty-
seven species of sturgeon are on the Red List of Interna-
tional Union for Conservation of Nature with 63% listed as
critically endangered mainly because of overﬁshing and
habitat destruction. Their long reproductive cycle makes
population restoration through natural methods difﬁcult.
This is further compounded by the present lack of viable
cryopreservation methods for sturgeon eggs and embryos
because of high yolk content and low membrane
permeability.x:þ420 387 774 634.
a).
r Inc. This is an open access ar
0(OG) or spermatogonia (SG) are precursors of gametes that
possess the ability to differentiate into eggs and sperm.
They undergo proliferation and recombination of genetic
information during the process of gametogenesis. These
germ cells can be cryopreserved and transplanted for gene
banking and surrogate reproduction via germline chimera
[2–5]. Recently Saito et al. [6] described the origin, migra-
tion, and isolation of PGCs in sturgeon. Nevertheless,
manipulation of SG and OG seems to be more effective.
We developed a practical technique for isolation of Si-
berian sturgeon Acipenser baerii SG and OG using enzyme
dissociation and Percoll solution sorting. The cells were
identiﬁed using immunolabeling techniques and electron
microscopy and transplanted into newly hatched sterlet
Acipenser ruthenus larvae. This report describes the crucial
steps in the production of germline chimera in sturgeon.ticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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All experimental procedures were approved by the
Animal Research Committee of Faculty of Fisheries and
Protection of Waters in Vodnany, Czech Republic.
2.1. Fish
The Siberian sturgeon were held in a recirculating
aquaculture system at amean temperature of 10 C. Gonads
from three males and three females, aged 4 years, average
gonad/body weight 4.6/926 and 4.2/910 g for males and
females, were used for all experiments mentioned in the
following. Gonads exhibited maturity stage II: containing
mostly SG in testes and OG and previtellogenic oocytes in
ovaries. A mature testis of sterlet, aged 5 years (gonad/body
weight, 36/1120 g), at stage V was used for immunohisto-
chemistry and histologic examination. The stages were
used according to Wildhaber et al. [7] (see Supplementary
Figs. 1 and 2). Sterlet broodﬁsh were reproduced according
to Psenicka et al. [8]. Newly hatched larvae obtained from
the mixture of eggs and sperm from three females and
three males were used as recipients for isolated gonadal
cells.2.2. Immunoblotting analysis
Proteins were extracted from the gonads and somatic
tissue (ﬁn and muscle as control) with a lysis buffer (8M
urea, 2M thiourea, 4% CHAPS, 10% wt/vol isopropanol, 0.1%
wt/vol Triton X-100, and 100-mM dithiothreithol) con-
taining protease inhibitors (100-mM PMSF, 1 mg mL1
pepstatin A, and 5 mgmL1 leupeptin). The Bradford protein
assay [9] was applied to determine protein concentration of
the samples. For SDS-PAGE, samples, 25 mg of proteins per
lane, were resuspended in a buffer containing 65-mM Tris,
10% (v:v) glycerol, 2% (wt/vol) SDS, and 5% (v:v) b-mer-
captoethanol and boiled for 3 minutes at 95 C. Proteins
were separated on 12% SDS gel. After electrophoresis, the
gels were placed on polyvinyl diﬂuoride membranes (Bio-
Rad, USA) and electrically transferred. The membranes
were blocked by incubation with 5% (wt/vol) skim milk in
TBST (0.1% Tween-20, 20-mM Tris, 500-mM NaCl at pH 7.6)
for 1 hour at 20 C. The membranes were incubated for
12 hours at 4 C in 5% BSA-TBST containing DDX4, a rabbit
polyclonal antibody (GTX116575, GeneTex), as the primary
antibody speciﬁc for germline cells and subsequently
incubated with Horseradish Peroxidase-conjugated goat
antirabbit immunoglobulin G (1:3000 in 3% BSA-TBST) for
1 hour at 20 C. The reacted proteins were revealed with
3,30,5,50-tetramethylbenzidine liquid substrate.2.3. Immunohistochemistry of gonads
Fragments of gonad and muscle (as control) were
ﬁxed in 4% paraformaldehyde in PBS for 1 hour, washed 3
times in PBS for 10 minutes, embedded in 7.5% and
subsequently in 15% sucrose for 2.5 hours at 4 C, and
then in 7.5%, 15%, and 20% gelatin for 12 hours at 37 C.
Sections were cut by CM1850 Cryostat (Leica, Germany)at 20 C and placed on glass microscope slides. The
slides were incubated in PBS with 1% BSA and 0.05%
Tween 20 (blocking solution) for 40 minutes, then in the
DDX4 antibody diluted 300 times with blocking solution
12 hours at 4 C, washed 3 times in blocking solution for
10 minutes, stained with secondary antibody antirabbit
immunoglobulin G–ﬂuorescein isothiocyanate (FITC;
F0382, Sigma) diluted 80 times in blocking solution,
washed 3 times in PBS, labeled with 40,6-diamidino-2-
phenylindole solution (3 ng mL1) for 10 minutes,
rewashed, mounted with Vectashield, covered with a
coverslip, observed under a ﬂuorescence microscope
IX83 (Olympus, Japan) equipped with an ORCA R2 camera
(Hamamatsu Photonics, Japan), and processed in the
CellSens Olympus software. For comparison, the tissues
were prepared for parafﬁn sections as described by Lin-
hartová et al. [10].
2.4. Enzymatic dissociation of gonad cells
To determine optimal conditions for cells dissociation,
1.5 mL of gonad was divided into 15 tubes containing 5 mL
of PBS (Sigma–Aldrich P4417), Hank’s balanced salt solu-
tion (Sigma–Aldrich H6648), or Leibovitz medium (L-15;
Sigma–Aldrich L5520) with differing concentrations of
trypsin (T; Sigma–Aldrich T1426) and collagenase (C;
Sigma–Aldrich C0130): (1) 0.1% T and 0.1% C, (2) 0.3% T, (3)
0.1% T, (4) 0.3% C, or (5) 0.1% C. The tissues were incubated
for 2 hours at 23 C. The optimal temperature for sturgeon
cells (20 C–25 C) was determined according to Grunow
et al. [11] describing culture of sturgeon cells. Osmolality of
media was adjusted to that of blood plasma of the ﬁsh used
(mean, 238 mOsm kg1), and pH was adjusted to 8. The
obtained suspension was ﬁltered with 50-mm ﬁlter (Partec,
Germany), to collect larger oocytes and debris, and 1% BSA
(Sigma–Aldrich A7511) and 40 mg mL1 DNAse (AppliChem
A3778) were added. The tubes with gonad cell suspension
were centrifuged at 500 g for 30 minutes at 4 C. The
pellets were resuspended in 0.3 mL of media without en-
zymes. The yield and viability of cells obtained from each
combination were evaluated by hemocytometer (Bürker’s
cell counting chamber) and Live/Dead Cell Double Staining
Kit (Sigma–Aldrich, 04511), respectively. The number of
cells was counted in 20 squares of the hemocytometer in
three repetitions under a microscope (Olympus BH2) at 
100 magniﬁcation. For the viability test, at least 500 cells
per sample were recorded using the Olympus IX83
microscope.
2.5. Puriﬁcation of germ cells
The suspension of gonad cells was obtained using the
dissociation procedure described. The cell suspension was
loaded onto a discontinuous Percoll (Sigma–Aldrich P1644)
concentration gradient 5%, 10%, 20%, 30%, 40%, and 50% in
PBS and centrifuged at 800 g for 30 minutes similar to
Yoshikawa et al. [12]. Each cell fraction was removed from
the gradient and transferred to a tube, diluted in PBS 1:10,
and centrifuged again at 800 g for 30 minutes. The pellets
were resuspended in PBS and examined using immuno-
ﬂuorescence labeling.
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The separatedgonadcells,with somatic cells fromﬁnand
muscle as control, were mounted on poly-l-lysine–coated
microscopeglass slides andﬁxedwith4%paraformaldehyde
in PBS for 1 hour. The ﬁxed cells were washed in PBS
andpermeabilizedwith 0.3% TritonX-100 and subsequently
processed as described for immunohistochemistry.
2.7. Transplantation of germ cells
The larvae of sterlet a week after hatching with FITC-
labeled endogenous PGCs according to Saito et al. [6]
were used as recipients. All together, 120 recipients were
analyzed (40 with testicular cells, 40 with ovarian cells, and
40 without transplantation of any cells as control). The
enriched gonadal germ cells obtained by Percoll gradient
were labeled using the PKH26 Red Fluorescent Cell Linker
Kit for general cell membrane labeling according to the
manufacturer’s protocol (ﬁnal concentration of dye, 2 mL for
5minutes), loaded into a glass needle, and injected near the
presumptive genital ridge of the host using a microma-
nipulator M-152 (Narishige, Japan) and a microinjector
CellTram Vario (Eppendorf, Germany) under a ﬂuorescent
stereomicroscope M165FC. The larvae were kept at 18 C
and fed by Tubifex. Ten larvae from each group were
examined by the ﬂuorescence stereomicroscope at 6, 30,
50, and 90 days posttransplantation (dpt).
2.8. Statistical analysis
To compare the gain of cells from different dissociation
media and the number of endogenous and transplanted
cells, two-way ANOVA and Tukey’s test using Statistica for
Windows, v. 9.1 (StatSoft, Inc., USA) were applied. Proba-
bility values of P < 0.05 were considered as signiﬁcant.
3. Results
3.1. Immunoblot analysis with DDX4 antibody
The antibody recognized a single band in all three
testicular protein samples of approximately 75 kDa. All
three ovarian protein samples showed a double band,
suggesting two isoforms of vasa protein in sturgeon fe-
males. On the other hand, the control samples of testicular
tissue did not show any expression of DDX4 antibody
(Supplementary Fig. 2).
3.2. Immunohistochemistry of gonads
Immunohistochemistry showed speciﬁc labeling of the
early stages of germ cells using DDX4 antibody. The sec-
tions of mature testes (stage V) showed speciﬁc labeling of
SG localized around sperm cysts (Fig. 1A). The testes used
for dissociation of cells at maturity stage II contained
approximately 1 to 4 SG per cyst (Fig. 1B), whereas the
ovaries contained OG with a strong signal and previtello-
genic oocytes with a weaker signal (Fig. 1C). Figure 2A, B, C
shows parafﬁn sections of gonads in the same stages for
comparison.3.3. Dissociation of gonad cells
The signiﬁcantly higher yield of testicular and ovarian
cells was obtained after dissociation of tissues in media
containing 0.3% trypsin, whereas the signiﬁcantly lower
yield was recorded for mediawith 0.1% collagenase (Fig. 3A,
B; P < 0.05).
The viability test did not reveal any signiﬁcant differ-
ences with the exception of lower viability of testicular cells
in Hank’s balanced salt solution with 0.1% collagenase
(Fig. 3C, D; P < 0.05).3.4. Puriﬁcation of gonad cells
The suspension above 10% of Percoll solution contained
mostly only oily droplets. The percentage of DDX4 antibody
positive cells collected from 10%, 20%, 30%, 40%, and 50%
Percoll solution was 79.6%, 82.4%, 76.3%, 40.5%, and 33.0%
for testicular and 83.6%, 74.6%, 54.2%, 21.9%, and 10.4% for
ovarian cells, respectively, whereas dissociated control so-
matic cells showed no ﬂuorescent signal after immuno-
labeling with DDX4. On the basis of this ﬁnding, 10% to 30%
Percoll solution was used for the enrichment of germ cells
from sturgeon gonad cells (Fig. 4A, B).
A total of 1.35 and 0.93 million DDX4 positive cells in
average were isolated from one male and one female,
respectively.3.5. Transplantation of puriﬁed germ cells
The donor (Siberian sturgeon) germ cells were labeled,
transplanted, and traced in host (sterlet) larvae. The sur-
vival rate did not differ between larvae used for trans-
plantation and the control (96.7% and 95.8%, respectively).
Six dpt, transplanted cells were observed in 95% of recip-
ient larvae (Table 1, Fig. 5A). The cells ﬂoated in the
abdominal cavity with some randomly weakly attached to
the abdominal wall. Thirty dpt, the cells were randomly
tightly attached to the dorsal abdominal wall (Fig. 5B). Fifty
dpt, the cells were already organized into genital ridges
(Fig. 5C). Ninety dpt, the transplanted cells started prolif-
eration in 60% of recipient ﬁsh (Fig. 5D). The Table 1 shows
signiﬁcant increase in average number of PKH26-labeled
transplanted as well as FITC-labeled endogenous cells at
this time. The control did not show any red-labeled cells at
any time of the examination.
4. Discussion
Wedeveloped, for the ﬁrst time, a series of techniques of
enzyme dissociation, Percoll concentration gradient sorting
and transplantation of sturgeon testicular and ovarian cells.
Sterlet, one of the most common and smallest sturgeon
species with shortest reproductive cycle (about 5 years),
was used as the recipient and Siberian sturgeon, bigger and
endangered species with later maturation (18–28 years), as
the donor of cells. Because these two species can hybridize
with each other [13], it is suggested that they are close
related and could be used for the standardization of
transplantation experiments.
Fig. 1. Immunohistochemistry of sturgeon gonads labeled with DDX4. The ﬁgure shows immunohistochemistry of sterlet Acipenser ruthenus testis in
maturity stage V (5 years old; A, scale bar ¼ 50 mm); and Siberian sturgeon A baerii testis at maturity stage II (4 years old; B, scale bar ¼ 10 mm) with cysts
containing spermatozoa (white circle) and spermatogonia (red circles and red arrow) surrounded with Sertoli cell (white arrow); and Siberian sturgeon A
baerii ovary at maturity stage II (4 years old) showing a nests with oogonia and/or early oocytes (red circle) and previtellogenic oocytes (white circle; C, scale
bar ¼ 20 mm). Sections were labeled with DDX4 primary antibody conjugated with antirabbit immunogloubulin G–ﬂuorescein isothiocyanate (FITC)
secondary antibody and DAPI, whereas FITC (green) speciﬁcally labeled germ cells and DAPI (blue) labeled nuclei of all cells. Abbreviation: DAPI, 40 ,6-
diamidino-2-phenylindole.
Fig. 2. Histology of sturgeon gonads. The ﬁgure shows histology of sterlet Acipenser ruthenus testis in maturity stage V (5 years old; A, scale bar ¼ 100 mm);
Siberian sturgeon A baerii testis at maturity stage II (4 years old; B, scale bar ¼ 50 mm) showing spermatozoa (black ellipse), spermatogonia (white arrow), and
Sertoli cell (black arrow); and Siberian sturgeon A baerii ovary at maturity stage II (4 years old) showing a nests with oogonia and/or early oocytes (white ellipse)
and previtellogenic oocytes (white arrow; C, scale bar ¼ 50 mm). (For interpretation of the references to color in this ﬁgure, the reader is referred to the Web
version of this article.)
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Fig. 3. Graph with relative yield and viability of sturgeon gonadal cells after dissociation. The ﬁgure shows mean and standard deviation of relative yield of
Siberian sturgeon Acipenser baerii testicular (A) and ovarian (B) cells and viability of testicular (C) and ovarian (D) cells (%) after dissociation using different media
and concentrations of trypsin and collagenase. Analysis was performed on three samples for each gender at maturity stage II (4 years old). Values with the
different superscript letters are signiﬁcantly different (ANOVA, P < 0.05). C, collagenase; HBSS, Hank’s balanced salt solution; L-15, Leibovitz medium; T, trypsin.
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regeneration of spermatogenesis in a mouse model by
transplanting SG of the donor into testes of an infertile
recipient. Spermatogonia were shown to colonize and
develop in recipient mice testes and develop fertile sperm
with the donor genotype characteristics. These authors
dissociated the SG using 0.1% collagenase and 0.25% trypsin
in two steps and used a separation method for stages of
mice male germ cells on the basis of sedimentation speed
in a concentration gradient of 2% to 4% BSA developed by
Bellvé et al. [15]. Okutsu et al. [16] applied this technique to
rainbow trout Oncorhynchus mykiss for the ﬁrst time, and
Okutsu et al. [17] performed a xenogeneic SG transplant
from rainbow trout to the masu salmon OncorhynchusFig. 4. Immunocytochemistry of sturgeon gonadal cells labeled with DDX4. The ﬁgu
ovarian (B) cells labeled with DDX4 primary antibody conjugated with antirabbit im
DAPI, whereas FITC (green) speciﬁcally labeled germ cells, and DAPI (blue) labeled
phenylindole.masou. After dissociation of trout testes with 0.5% trypsin in
PBS, they showed that, after SG transplantation into the
peritoneal cavity, testicular germ cells can colonize in em-
bryonic gonads and produce functional sperm and eggs.
The SG of the transgenic donor were identiﬁed using a
green ﬂuorescent protein driven by the cis elements of the
vasa gene. Lacerda et al. [18] dissociated testes of tilapia
in the same way as Bellvé [15] and enriched SG from
testicular cells by a Percoll gradient and transplanted the
obtained cells into urogenital papilla. The isolation and
transplantation of OG has been described in trout by
Yoshizaki et al. [19] and in zebraﬁsh byWong et al. [20]. The
isolation of zebraﬁsh OG was performed by L-15 containing
0.2% collagenase and 500 IU mL1 dispase in case of troutre shows suspension of Siberian sturgeon Acipenser baerii testicular (A) and
munogloubulin G–ﬂuorescein isothiocyanate (FITC) secondary antibody and
nuclei of all cells (scale bar ¼ 20 mm). Abbreviation: DAPI, 40 ,6-diamidino-2-
Table 1
The success of sturgeon germ cells transplantation.
Time post-transplantation Ovarian cells Testicular cells Endogenous germ cells
Positive Number of cells, mean  SD Positive Number of cells, mean  SD Number of cells, mean  SD
6 dpt 9/10 ? 10/10 ? ?
30 dpt 7/10 18.1a  12.1 8/10 22.2a  10.8 29.1a  16.3
50 dpt 7/10 19.8a  9.8 6/10 17.1a  8.2 25.8a  11.2
90 dpt 6/10 108.5b  55.4 6/10 90.8b  38.2 118.5b  48.4
Table shows the success of transplantation and average number of transplanted and endogenous germ cells in time with standard deviation in positive
samples. Values with the different superscript letters are signiﬁcantly different (ANOVA, P < 0.05).
Abbreviations: dpt, days posttransplantation; SD, standard deviation.
M. Psenicka et al. / Theriogenology 83 (2015) 1085–10921090and by PBS containing 0.2% collagenase in zebraﬁsh. The
manipulation with OG should be especially considered in
sturgeon because sturgeon are suggested to have a female
heterogamety (ZW female/ZZ male) sex-determination
system [21,22]. Due to this, conservation based only on
male germ cells may not be effective because they may not
include all genetic information. The authors always used
the optimal temperature of the species for enzymatic cells
dissociation and balance a lower temperaturewith a longer
exposure time (zebraﬁsh 28.5 C for 1 hour and trout 10 C
for 7–9 hours). In this study on sturgeon, results showed
the use 0.3% trypsin in PBS at 23 C for dissociation of
testicular and ovarian cells to be optimal, as this medium
dissociated the highest number of cells without decreasing
viability. On the other hand, the dissociation using colla-
genase was found as statistically worst. Nowadays scien-
tists avoid treatment of stem cell with trypsin. Recently
Shikina et al. [23] revealed a disruption of membrane
proteins of rainbow trout SG by incubation in trypsin,
which causes reversible decreasing of cells mitotic activity.
They suggested a recovery of SG via short-term in vitro
cultivation. In this study, the incubation with trypsin came
out as the most efﬁcient for dissociation, and the testicular
and ovarian cells could proliferate in gonads of recipient
after transplantation similarly to the endogenous cells. It
signiﬁes that the cells could be at least partially recoveredFig. 5. Sterlet Acipenser ruthenus genital ridge with transplanted Siberian sturgeon A
labeled (green) endogenous primordial germ cells and PKH26-labeled (red) tra
transplantation (dpt) with spermatogonia (SG) in a living larva (scale bar ¼ 1 mm), (
(D) 90 dpt with transplanted oogonia (scale bar ¼ 500 mm) after dissection.also after cultivation in body cavity of the recipient.
Nevertheless, other studies are required regarding the ef-
fect of trypsin treatment on sturgeon SG, their possible
recovery in vitro and other transplantation experiments.
Enrichment of early stages of germ cells was success-
fully achieved by sorting with 10% to 30% Percoll solution
centrifugation in this study, although the number of
remaining somatic cells was still quite high. A promising
approach was described by Von Schönfeldt et al. [24]. They
performed the enrichment of SG bymagnetic-activated cell
sorting using surface markers of spermatogonial stem cells
in several mammalian species. Panda et al. [25] introduced
this technique in a cyprinid ﬁsh Labeo rohita. Nevertheless,
it is currently not possible to identify germ stem cells in
sturgeons because of lack of a germ stem cell–speciﬁc
marker. In this study, the isolated germ cells were identiﬁed
by their expression of vasa protein, which is a conserved
germline marker in animals. Recently Rzepkowska and
Ostaszewska [26] studied early gonad development of
cultured Siberian and Russian sturgeon on the basis of vasa
antibody. They identiﬁed vasa protein in germline cells. In
the present study, immunoblot analysis clearly exhibited
double bands in ovarian protein and a single band in
testicular protein analyses with DDX4 antibody, suggesting
a sex-linked differential expression of vasa splice variants
as previously described in zebraﬁsh by Krøvel and Olsencipenser baerii germ cells. Sterlet A ruthenus with ﬂuorescein isothiocyanate–
nsplanted gonadal cells of Siberian sturgeon A baerii: (A) 6 days post-
B) 30 and (C) 50 dpt with transplanted SG (scale bar ¼ 200 and 500 mm), and
M. Psenicka et al. / Theriogenology 83 (2015) 1085–1092 1091[27]. These proteins could be used in aquaculture for early
sexing of sturgeon.
Rzepkowska and Ostaszewska [26] have shown that the
beginning of proliferation and differentiation in Siberian
and Russian sturgeon occurs around 115 days after hatch-
ing. In the present study, the increased number of FITC-
labeled endogenous sterlet gem cells and PKH26-labeled
transplanted Siberian sturgeon cells were observed 90
dpt (97 days after hatching). Nevertheless, we admin that
simple labeling is not a proper tool to identify interspeciﬁc
germline chimera because of a possible contaminationwith
somatic cells, and development of a germline species-
speciﬁc genetic marker is required in future studies.
Another possible technique to create a germline
chimera is the transplantation of PGCs, but the number of
visualized PGCs from a single sturgeon embryo is only 23.5
on average [6], and transplantation techniques using PGCs
are not promising from the standpoint of efﬁciency. Sper-
matogonia and OG are considered suitable alternatives to
PGC transplantation because the yield from a single indi-
vidual can be large. The yield of DDX4 positive cells from an
individual sturgeon in our trial was approximately one
million. This high amount of cells could be achieved
because of relatively large size of gonads with late sexual
maturity of sturgeon. For comparison, Wong et al. [20]
isolated 755 vasa positive ovarian cells from one zebraﬁsh.
For future studies of surrogate reproduction via germ-
line chimerism, a sterile host is required. To sterilize the
sturgeon host, a reversible knockdown of dead-end gene
using antisense morpholino oligonucleotide is a promising
technique [28]. This approach could be a powerful tool in
conservation genetics of this endangered group of species.
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